Abstract -The paper presents a mathematical model describing formation of the spectra of particles in a convective cloud. A method for calculating absorption and scattering of monochrome microwave radiation in the cloud environment is described. The cloud model describes drop coagulation, accretion, drop freezing, drop and crystal sedimentation and transportation by air flows. Explicit microphysical methods based on solving kinetic equations for functions of distribution of drops and ice particles by their masses is applied. To study microwave radiation extinction in the cloud environment, absorption and scattering coefficients are calculated for given wavelengths and sizes of drop and ice particle. Functions of distribution of drops and crystals by their sizes help determine absorption and scattering of electromagnetic radiation in the cloudy environment with regard to actual spectra at different stages of cloud formation.
I. INTRODUCTION As is known, radio engineering and electronic optical systems depend on meteorological parameters of the atmosphere, haze, fogs and clouds. The study on conditions of distribution of electromagnetic waves of the IR cloud environment is a crucial task. In a number of theoretical studies, the issues of refraction of electromagnetic waves were solved for various aerosols and cloud particles. A variety of types and properties of dispersed media, relatively short lifetime and strong spatial-temporal heterogeneity make it difficult to obtain reliable quantitative estimates.
Physical properties of dispersed environments (clouds) depend on the size of particles, their concentration, and phase state. These issues are dealt with in many researches [1] [2] [3] [4] . The influence of dispersed environments on electromagnetic radiation is discussed in [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . In order to study various applied issues of electromagnetic radiation in cloud environments, data on the microstructure of probed cloudiness is required. To obtain such data, measurement data (probe, aircraft, etc.) and simulation results for detailed microphysical cloud models considering functions of distribution of liquid and solid particles by size or mass are used [1, 2, 4] .
The present article aims to develop a mathematical model describing formation of spectra of cloud particles, and to obtain data on absorption and scattering properties of real aerosol formations during microwave radiation propagation.
In nature, the shape and type of clouds depend on thermodynamic atmospheric conditions which depend on climatic features of a particular region. The article analyzes cumulonimbus clouds which can reach the middle and upper tiers. Powerful clouds can reach the tropopause delivering a large number of small ice particles to the upper layers of the troposphere.
II. METHODS AND MATERIALS

A. Model description
The purpose statement for the mathematical model of a convective cloud involves the following equations of thermodynamics, microphysics and electrical statistics [1] :
Poisson equation for the electrostatic field 
Initial conditions for (1)- (11) 
The system of equations is used for the space-the domain
The following notation is used: 
-changes in the function of distribution of drops due to condensation, coagulation, accretion of drops and crystals, fragmentation and congelation respectively;
-changes in the function of distribution of crystals due to sublimation, accretion and congelation of drops;
-changes in the function of distribution 
where
-radii of colliding particles;
-capture coefficient for drops.
Interaction of drops and crystals is calculated by formulas
where 
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The speed rate for changing masses of cloud particles can be determined using the speed rate for changing their radii: 
depending on the mode of reagent application is given.
The model takes into account electrification of cloud particles based on thunderstorm development patterns and charge separation factors due to waterdrop congelation, grains and hailstones growth, and interaction of hailstones with ice crystals and supercooled drops.
When solving model equations, splitting and running methods were used. The presented numerical model makes it possible to calculate the evolution, time of thermodynamic parameters and spectra of droplets and crystals in the cloud.
The main module involves initialization of the model, and calculation of cloud characteristics in a cycle over time.
B. Calculation formulas for extinction coefficients
To calculate aerosol attenuation, software was developed. Its input parameters are radiation wavelength, particle size, particle concentration, complex refractive index.
Propagation and attenuation of optical radiation in the atmosphere are described using optical characteristics: attenuation, absorption and scattering coefficients, optical thickness of the medium, radiation indicatrix, geometrical parameters of backscattering, polarization characteristics, etc. [5] [6] [7] [8] .
When electromagnetic radiation propagates in the layer of aerosol particles with distribution function ) (r f and length ΔН, its output power changes according to the Bouguer law: 
According to the theory of aerosol electromagnetic radiation scattering, attenuation, scattering and absorption coefficients are efficiency factors of aerosol attenuation, scattering and absorption:
r -particle radius, λ -wavelength, mр=n+i -integral particle refraction index (n-refraction index, -absorption index).
Attenuation Ke(, mр, r), scattering Ks(, mр, r) and absorption Kp(, mр, r) coefficients are calculated according to the scattering theory [12] .
III. RESULTS
A. Simulation results for particle spectra
Using the model, thermodynamic, microstructural and electrical parameters of convective clouds for various atmospheric states were calculated.
Dimensions of the spatial domain were 40 km in horizontal coordinates and 16 km in vertical ones. The grid step in the X, Y coordinates was 500 m, in the Z coordinates -250 m. The X axis is directed to the east, Y -to the north, Z -vertically. The cloud was initiated by thermal impulses near the earth surface with overheating = 1 ° C.
The model of a convective cloud with detailed microphysical parameters allows for studying formation of microstructural characteristics of clouds, formation of precipitation particles, accumulation of electrical charges and electrical coagulation of cloud particles. The results obtained reflect nonlinear effects of cloud physics which cannot be studied and evaluated using simpler models, for example, parameterized microphysics. 
B. Microwave radiation extinction calculation results for ice particles
To estimate microwave radiation extinction in the cloud environment, scattering and absorption factors for ice spheres with radii varying from 0,1 μm to 100 μm in the wavelength range from 0,4 μm to 10 cm were calculated. Table 1 and Fig. 3 show some calculation results for crystals at r=0,5 um. Properties of IR radiation attenuation by small and large ice particles depending on the wavelength can be different (Fig. 3) . For large ice crystals, absorption slightly depends on the wavelength.
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Taking into account the spectra of liquid and solid particles in the cloud which were obtained using the cloud model, radiation attenuation in the "anvil" of a powerful convective cloud consisting of small ice crystals was calculated.
In the cloud environment consisting of ice crystals, microwave radiation power can be reduced several times. In some cases, radiation attenuation is 2-3 times more due to scattering than due to absorption. Microstructural parameters of the mature cloud were studied. Drop and ice particle spectra were determined.
Size distribution functions for drops and crystals were calculated based on absorption and scattering of electromagnetic radiation in the cloudy environment and actual spectra.
Microwave radiation extinction in the cloudy environment was studied at different wavelengths and particle sizes.
